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ABSTRACT Scrapie is characterized by the accumulation
of a protease-resistant isform of the prion protein PrP&.
Limited proteolysis and chaotropes were used to map the
distribution of PrP& in cryostat sections of scrapie-infected
brain blotted onto nitrocellulose membranes, de ted his-
toblots. Proteolysis was omitted in order to map the cellular
isoform of the prion protein (PrPC) in uninfected brains.
Compared with immunohistochemistry, histoblots increased
the sensitivity forPrP& detection and showed different patterns
of PrP& accumulation. In Syrian hamsters with Sc237 scrapie,
the most intense PrP& signals occurred in sites with relatively
little PrPC, suggesting that aberrant localization of prion
protein may be an important feature in the pathogenesis of
prion diseases. Immunning ofPrP& in white-matter tracts
suggested that prions spread along neuroanatomical pathways.
prP immunostaining in histoblots was quantitated by densi-
tometry, permittingassdes t of the extent of PrPs accumu-
lation within specific structures. Histoblots were also useful in
localizing PrPD and /A4-amyloid peptide in the brains of
patients with Creutzfeldt-Jakob disease and Alzheimer dis-
ease, respectively.

Scrapie is the prototype of the transmissible neurodegener-
ative diseases caused by prions (1, 2), including Creutzfeldt-
Jakob disease (CJD), Gerstmann-Straussler syndrome
(GSS), and kuru of humans as well as bovine spongiform
encephalopathy (3). A host-encoded protein, the scrapie
prion protein (PrPSc) (4-6), has been implicated as a neces-
sary component of the prion (1, 7-10) as well as in the
pathogenesis of scrapie (11, 12).
Because of the lack of scrapie-specific prion protein (PrP)

antibodies (13) and the weak immunoreactivity of native
PrPsc (14-18), the differential localization ofthe PrP isoforms
in the scrapie brain could not be achieved with certainty by
using traditional immunohistochemical methods. In particu-
lar, although PrPSc-containing extracellular amyloid plaques
were easily distinguished (19), intracellular PrPsc immuno-
staining could not be unequivocally discriminated from the
normal isoform PrPC (14). Specific detection of PrPsc was
achieved by limited proteolysis under conditions that hydro-
lyzed PrPC followed by incubation with guanidine thiocy-
anate (GdnSCN) (17, 18). Because this approach could not be
readily adapted to standard histological sections on glass
slides, cryostat sections ofunfixed brains were transferred to
nitrocellulose membranes and lysed in situ. To detect PrPSC
the membranes were then subjected to extensive proteolysis
and treated with GdnSCN before immunostaining. The tissue
sections processed by this method are called "histoblots."
We used histoblots to map the distribution of PrPSc in the
brains of Syrian hamsters inoculated with the prions and to
determine the distribution of the normal isoform, PrPC, in

uninfected brains. Several variants of tissue printing and
electroblotting have been reported (20-22).

MATERIALS AND METHODS
Antibodies. Rabbit antisera R073 and R013 were raised

against hamster PrP-(27-30) (17) and synthetic peptide
PrP-P1 (23), respectively. The Syrian hamster PrP monoclo-
nal antibody (mAb) 3F4 (15) was from R. Kascsak (Institute
for Brain Research, Staten Island, NY). Its epitope, Met-
Lys-His-Met, has been recently characterized (24, 25). 13A5
is a mAb obtained against hamster PrP-(27-30) (26). The
following dilutions were used: antiserum R073, 1:5000; anti-
serum R013, 1:1000; mAb 13A5 supernatant, 1:2; mAb 3F4
ascitic fluid, 1:1000; and mAb 3F4 supernatant, 1:1. For
absorption with synthetic peptides (Fig. 1), R013 antiserum
or 3F4 ascitic fluid was diluted to 1:100 in 0.05% Tween
20/100 mM NaCl/10 mM Tris-HCl, pH 7.8 (TBST) and
incubated for 1 hr with their respective free oligopeptides
(250 pg/ml) before their use. Antiserum R013 was incubated
with peptide PrP-P1 (23). mAb 3F4 was incubated with
Pro,02-Ser-Lys-Pro-Lys-Thr-Asn-Met-Lys-His-Met. Rabbit
antiserum R8271 was raised against a synthetic peptide
corresponding to the 28 carboxy-terminal residues of the
human (/A4-amyloid protein (17). The antiserum was used at
a 1:1000 dilution.
Human Brain Specimens. The CJD brain was obtained from

a 56-yr-old female in whom cerebrocortical biopsy showed
spongiform degeneration and protease-resistant PrP (17).
There was a 48-hr delay between death and freezing of the
coronal brain sections. Studies on 3/A4-amyloid deposition
were done on a case of familial Alzheimer disease (AD) in a
40-yr-old male. The nonneurological case was a 61-yr-old
male who died from cardiac insufficiency.

Inoulation ofHmstrs and Mice. LVG:Lak random-bred
Syrian hamsters and transgenic (Tg) mice expressing Syrian
hamster PrP (7) were inoculated with 50 or 30 td of brain
extract into the thalamus, respectively (12, 28).

Histoblots. A nitrocellulose membrane was wetted in lysis
buffer (0.5% Nonidet P-40/0.5% sodium deoxycholate/100
mM NaCi/lO mM EDTA/10 mM Tris-HCl, pH 7.8) and laid
on a double layer of thick blotting paper saturated with lysis
buffer. Glass slides carrying 8-gm-thick cryostat sections
were quickly thawed, immediately pressed onto the mem-
brane for 25 sec, and inspected for complete transfer of the
section. Transfer was facilitated by a slow rotary motion that

Abbreviations: CJD, Creutzfeldt-Jakob disease; GSS, Gerstmann-
Striussler syndrome; AD, Alzheimer disease; PrP, prion protein;
PrPsc, scrapie prion protein; PrPC, cellular prion protein; Tg, trans-
genic; mAb, monoclonal antibody.
TPresent address: Department of Neurology, Universitatsklinikum
Rudolf Virchow, 1000 Berlin, Federal Republic of Germany.
1To whom reprint requests should be addressed at: Department of
Neurology, HSE-781, University of California, San Francisco, CA
94143-0518.

7620

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 89 (1992) 7621

A af t
-a

b d f

B

n_

FIG. 1. Specific staining of PrPsc and PrPC in histoblots of Syrian
hamster brains. (A, a-g) PrPsc histoblots from a clinically ill Syrian
hamster (a, c-f) and from a transgenic (Tg)(SHaPrP)81 mouse (g)
after inoculation with Sc237 prions. Tg(SHaPrP)81 expresses the
Syrian hamster PrP gene. The blots were probed with R073 (a and b),
R013 (c and d), 3F4 (e andf), and 13A5 (g). No PrPsc was detected
in uninfected, control Syrian hamster brain (b). Preincubation of
R013 antiserum and mAb 3F4 with synthetic peptides carrying their
respective epitopes abolished staining (d andf). (h-J) PrPC histoblot
of uninfected Syrian hamster immunoprobed with mAb 3F4 (i andj)
or R073 antiserum (h). Preincubation of mAb 3F4 with the synthetic
peptide carrying its epitope abolished staining (j). (B) Ten percent
Syrian hamster brain homogenate was analyzed by SDS/PAGE (27),
transferred to nitrocellulose, and probed with mAb 3F4. In the lane
at right, preincubation of antibody with synthetic peptide abolished
staining of PrP band.

prevented trapping of air bubbles. The membrane was left on
the stack of blotting paper for several minutes.
For detection of PrPsc the membranes were thoroughly air

dried, rehydrated for 1 hr in TBST and then subjected to
limited proteolysis in digestion buffer (proteinase K at 400
,ug/ml, for 18 hr at 37°C in 0.1% Brij 35/100mM NaCl/10mM
Tris-HCl, pH 7.8) (17). The proteinase K concentration was
reduced to 100 ,ug/ml for detection of PrPcJD in the human
case. To stop the reaction the blots were rinsed three times
in TBST and incubated for 30 min in TBST/3 mM phenyl-
methylsulfonyl fluoride. Finally, the blots were incubated in
3 M GdnSCN/10mM Tris HCl, pH 7.8, for 10 min and rinsed
three times in TBST before immunostaining. As a negative
control we usually included the histoblot of a noninfected
brain that did not contain PrPsc (Fig. 1A, b). PrPSc staining
depended on the GdnSCN treatment, as expected from our
prior experience with dot blots and immunofluorescence (17,
18) (data not shown).
To detect PrPC in a normal brain, the blots were incubated

for 1 hr in 100 mM NaOH and were then processed for
immunostaining. This treatment considerably reduced back-
ground staining by solubilizing away the remnants of the
tissue section from the membrane. The blots were then
blocked with 5% nonfat dry milk/TBST and incubated for 18
hr at 4°C with the primary antibody in TBST/1% nonfat milk.
The secondary antibody (alkaline phosphatase-conjugated)
and its substrates were from Promega.
PrP Immunohistology on Cryostat Sections. Eight-

micrometer sections of unfixed, snap-frozen brain were
briefly dried, immersed for 5 min each in 50%, 100%, and 50%
ethanol, and rehydrated in water before a 15-min incubation
in 10%o phosphate-buffered formalin. The tissue was then
quenched for 5 min in 100 mM NH4Cl and permeabilized by

a brief immersion in 0.5% Nonidet P-40/phosphate-buffered
saline; the proteins were then denatured by a 10-min incu-
bation in 3 M GdnSCN/10 mM Tris-HCl, pH 7.8. After
blocking with an overnight incubation in 10o goat serum/
TBST/0.2% Tween 20, the sections were sequentially incu-
bated with the PrP antiserum R073 (1:1000, 4 hr) and a
biotinylated goat anti-rabbit IgG antibody (1 hr), both diluted
in blocking buffer, and the antigen was detected with the
ABC system (Vector Laboratories, Burlingame, CA).
PrP Densitometry on Histoblots. The regional relative con-

centration of PrPsc ([PrPSc]) was estimated by using a dis-
secting microscope with a charge-coupled device camera
interfaced with aBQ system IV morphometric image analysis
system (R & M Biometrics, Nashville, TN). A calibration
curve relating average pixel density to [PrPsc] was generated
by using proteinase K and GdnSCN-treated dot blots ofbrain
lysates containing increased dilutions ofPrPsc (17). To obtain
dilutions ofPrPSc, the lysate of a brain from a Syrian hamster
with clinical signs of scrapie was serially diluted with a lysate
of normal Syrian hamster brain. After immunostaining, an
interactive curve was generated with the GRAPHPAD INPLOT
curve-fitting program (San Diego, CA). Measurements of
average pixel density in a brain region were made after
defining the perimeter of the region followed by subtracting
the mean background pixel density measured in three areas
of the nitrocellulose paper surrounding the histoblot.

RESULTS
Detection of PrPsc and PrPC on Histoblots. To ascertain the

validity of the method, we immunostained histoblots of brain
sections from a terminally ill Syrian hamster inoculated with
Sc237 prions (29) (Fig. 1A, a, c-f) and from a terminally ill
Tg(SHaPrP)81 mouse [expressing the Syrian hamster PrP
gene (7)] with Sc237 scrapie (Fig. 1A, g). The histoblot from
an uninfected hamster brain served as a negative control (Fig.
1A, b). Proteinase K- and GdnSCN-treated histoblots were
stained with antiserum R073 (a and b), antiserum R013 (c and
d), mAb 3F4 (e and f), and mAb 13A5 (g). All of these
antibodies gave similar staining patterns in the sections of
infected Syrian hamster brains (Fig. 1A, a, c, and e). The
staining with antiserum R013 and mAb 3F4 was abolished by
adsorption with synthetic peptides carrying their respective
epitopes, demonstrating their specificity for PrP (Fig. 1A, d
and f) (23-25). The histoblot from the uninfected brain
remained unstained, confirming that the signal was confined
to PrPSC and not to PrPC. Finally, the hamster-specific mAb
13A5 detected PrPSc in the brain of the Tg(SHaPrP)81 mouse
(g) but not in a blot from an infected non-Tg mouse that does
not express Syrian hamster PrP (data not shown), demon-
strating again the specificity of the signal.
PrPc in the brains ofuninfected animals was detected when

proteolysis was omitted (Fig. 1A, h-j). mAb 3F4 (i) and
antiserum R073 (h) yielded identical staining patterns,
whereas preincubation of mAb 3F4 with a synthetic peptide
carrying its epitope again completely abolished its staining
0.

Distribution of PrP Isoforms in Syrian hamster Brain. The
pattern of PrPSc accumulation in Syrian hamster brains in the
terminal stages of scrapie initiated by intrathalamic inocula-
tion of Sc237 prions (Fig. 2, c and d) was compared with the
distribution of prPC in uninfected brains (e andf) in coronal
sections through the hippocampus-thalamus (Fig. 2, c and e)
and through the septum-caudate nucleus (d and f). Two
general features of the PrP distribution pattern were promi-
nent: first, both PrP isoforms localized to specific anatomical
structures, and second, in Syrian hamster brains inoculated
with Sc237 prions, the most intense PrPsc signals occurred
primarily in sites largely devoid of PrPC in the uninfected,
control Syrian hamster brains.
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FIG. 2. Distribution of PrPsc and PrPC in Syrian hamster brain.
Coronal sections through hippocampus-thalamus (c and e) and
septum-caudate nucleus (d andf) from a Syrian hamster clinically ill
after inoculation with Sc237 prions (c and d) and an uninfected,
control animal (e and f) were stained for PrPsc (c and d) or PrPC (e
andf) by using the histoblot method. Anatomical regions are detailed
in a and b: Ac, nucleus accumbens; Am, amygdala; Cd, caudate
nucleus; Db, diagonal band of Broca; H, habenula; Hp, hippocam-
pus; Hy, hypothalamus; IC, internal capsule; NC, neocortex; Pir,
piriform cortex; Pt, putamen; S, septal nuclei; Th, thalamus (stained
with PrP antiserum R073).

In the gray matter, PrPC immunostaining was most intense
in the stratum radiatum and stratum oriens of the CA1 region
ofthe hippocampus and was virtually absent from the granule
cell layer of the dentate gyrus and the pyramidal cell layer
throughout Ammon's horn (Fig. 2e). A complex shift in the
pattern of PrP immunostaining occurred in the hippocampal
formation during scrapie (Fig. 2). Other regions that did not
appear to contain PrPC were the medial habenular nucleus,
the medial septal nuclei, and the diagonal band of Broca. In
contrast, these regions were intensely immunostained for
PrPSc. In the amygdala, the opposite relationship was found:
PrPc was present in normal animals but in hamsters with
scrapie, PrPsc was absent. This inverse relationship between
the amounts of PrP isoforms, coupled with the spatial and
temporal relationship between PrPSc accumulation and neu-
ropathology (12, 14), argues that the aberrant localization of
PrP during scrapie may be an important feature in the
pathogenesis of prion diseases.
Whether PrPC and PrPSc are located in white matter could

not be resolved in earlier immunohistochemical studies (com-
pare Fig. 4a and b with 4c) (14). In the present study, PrPC
immunoreactivity was minimal in the white matter ofnormal,
uninfected brains, whereas significant PrPsc was found in
virtually all white-matter tracts ofSyrian hamsters inoculated
with Sc237 prions. Multifocal PrPSC immunostaining in the
caudate nucleus (Fig. 2d and 4a) is due to the bundles of
myelinated axons that cross through it. In contrast, those
tracts were not immunoreactive in normal, uninfected ani-
mals (Fig. 2f). Other regions of white matter, such as the
corpus callosum, the anterior commissure, and the optic
nerves were also immunopositive for PrPsc but stained only
weakly for PrPC in normal brains. The presence of PrPsc in
white matter of animals with scrapie is of interest because

both intra-axonal and intramyelin vacuoles have been re-
ported in the white matter during scrapie in mice (30),
although they are not a feature of scrapie in Syrian hamsters
inoculated with Sc237 prions. Furthermore, these findings
suggest that prions are transported through axons (12, 31, 32).
The relative absence of PrPC from the white matter and its
presence in the neuropil raise the possibility that PrPC is
located primarily within the dendritic tree, probably on the
plasma membrane (33). Alternatively, the lack of PrPc stain-
ing in white-matter regions could reflect reduced protein-
blotting efficiency in myelin-containing regions. In contrast
to PrPC, the presence of some PrPsc in white-matter tracts
may reflect its abnormal transport along axons (12), perhaps
within cytoplasmic vesicles (18, 34).

Quantification of Real PrP& Distribution. The relative
concentration of PrPsc in various brain regions in Fig. 2c and
d was estimated by computerized densitometry (Fig. 3) (see
Materials and Methods) and compared with similar sections
from another Syrian hamster at 65 days after inoculation with
Sc237 prions (Table 1).' This limited analysis suggests that
reproducible results can be obtained among animals at com-
parable stages of the disease. When these results were
compared with the relative concentrations previously ob-
tained by immunoanalysis ofbrain regions pooled from six to
eight Syrian hamsters with clinical signs of scrapie at com-
parable stages of the disease (12, 14), one difference was
found. The amount ofPrPsc relative to the thalamus obtained
from homogenates was from 40% to 80% less than that
estimated by histoblots. Whether this discrepancy is related
to the relatively poorly defined limits of dissected brain
regions or to extrapolating regional concentrations from a
single coronal section in a histoblot needs to be examined.

Histoblots Detect both Diffuse Accumulations of PrP& and
rNP Amyloid Plaques. To determine what portion of PrPsc
staining in histoblots corresponds to amyloid plaques, we
compared histoblots of cryostat sections (Fig. 4 a and b) with
serial sections that were fixed in formalin and stained by
peroxidase immunohistochemistry (Fig. 4c) (14). The layers
of intense punctate immunostaining in the ventricular lining
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FIG. 3. Quantitation of PrPsc on nitrocellulose membranes by
computerized densitometry. (A) Serial (hafl) dilutions of a scrapie
Syrian hamster brain lysate were dotted on a nitrocellulose mem-
brane. The lysate of an uninfected brain was used as diluent to keep
the total amount of protein constant in all dots. The blot was treated
with proteinase K and GdnSCN (17) and stained with rabbit antise-
rum R073. (B) The dot blot was then used to generate a calibration
curve linking relative PrPsc content (in arbitrary units) of the dots to
pixel density detected by the computerized densitometer.
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Table 1. Regional levels in brains of scrapie-infected
Syrian hamsters

Relative levels of
PrPsc in brain,
arbitrary units

Brain region SHa A SHa B

Thalamus 100* 100*
Hypothalamus 72 87
Hippocampus 59 22
Neocortex 47 49
Septum 193 182
Caudate nucleus 29 56

Two Syrian hamsters (SHa) designated A and B were sacrificed at
65 (A) and 70 (B) days after intracellular inoculation with 107 IDso
units of Sc237 scrapie prions.
*Levels of PrPsc in various brain regions were determined by
histoblotting relative to the thalamus, which was set at 100 arbitrary
units.

(Fig. 4) and in the subcallosal region corresponded to PrPsc
plaques seen in immunohistochemically stained tissue sec-
tions (Fig. 4c). In contrast, diffuse, nonamyloid PrPsc accu-
mulation stained strongly in histoblots but very poorly in
formalin-fixed, glass-mounted tissues (Fig. 4 a and b).
PrPcJD in CJD and (Peptide in AD. Humans with CJD and

GSS accumulate protease-resistant PrP in the brain (35). In
cases when no plaques are evident, the detection of PrPCJD
by standard immunohistology is difficult. Prompted by the
histoblot results in the rodent system, we applied this meth-
odology to the detection of PrPcJD (Fig. Sa). A case of CJD
was examined for the distribution of protease-resistant PrP
by either histoblots (Fig. 5a) or a modified method termed
"pressblot," in which the nitrocellulose paper was pressed to
thawed slices of brain (data not shown). The blots were
stained with mAb 3F4. Both methods yielded similar results;
however, the staining pattern was more variable on press-
blots, probably because of irregularities on the surface of
brain slices (data not shown). Histoblots of two human CJD
cases showed PrPCJD confined to grey matter, which corre-
lated with the distribution of spongiform degeneration and
reactive gliosis (Fig. Sa). A nonneurological control brain
prepared for histoblotting and immunostained at the same
time did not contain detectable protease-resistant PrP (Fig.
Sb).
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FIG. 4. PrP& staining in histoblots and immunohistology Serial
coronal sections through the septum-caudate nucleus of Synian
hamster at 56 days after inoculation of 5c237 prions were either
immunostained for PrP by using standard histological methods (c) or
subjected to the histoblotting procedure before PrFPs staining (a and
b). Comparison with the immunohistologic staining shows that
punctated PrPsc accumulation in the lining of the ventricles (V)
consists of plaques. More diffuse PrP& depositions in the cortex and
in the caudate nucleus (Cd), as well as strong PrP staining in the
corpus callosum (CC) and in other white-matter regions, are not
detectable by immunohistology. (Bars: a, 5 mm; b and c, 1 mm.)
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FIG. 5. Location of protease-resistant PrPCJD in human CJD and
protease-resistant ,B/A4 peptide in AD in histoblots/pressblots. (a)
CJD histoblot of a coronal brain slice at level of thalamus (Th) and
red nucleus (R) immunostained for PrPC:JD with mAb 3F4. An intense
continuous band of immunostaining occurs throughout the cerebral
cortex, primarily in its deeper layers, with weaker immunoreactivity
occurring in more superficial layers. The thalamus, red nucleus,
subthalamic nucleus adjacent to the latter, and remnants of the
putamen between the thalamus and cortex are also immunopositive.
(b) Histoblot of a nonneurological control brain that did not react
with mAb 3F4. (c) AD pressblot from a coronal brain slice (thawed
after storage at -700C) from a case of familial AD immunostained by
using the P3/A4-peptide antiserum R8271. Punctate, plaque-like im-
munopositivity occurs in the cerebral cortex and the putamen (Pt).
(d) Higher magnification of a histoblotted cryostat section from the
frontal cortex of the same familial AD patient. At left is a /A4-
immunopositive blood vessel in the subarachnoid space (amyloid
angiopathy). The full thickness of the cerebral cortex with numerous
plaque-like ,B/A4 amyloid deposits extends to the right of the vessel.
The subcortical white matter at far right contains scattered immu-
noreactive spots. CJD histoblots were treated with proteinase K at
100 ,g/ml, whereas the standard 400 Aug/ml concentration was used
for AD histoblots. (Bars: c, 10 mm; d, 0.1 mm.)

It seemed likely that histoblots might also provide an
efficient and sensitive method to map the distribution of
,3/A4-amyloid deposits in full-size coronal sections ofhuman
brain (17). We used the j3/A4 antiserum R8271 to examine
coronal sections by the pressblot (Fig. Sc) and the histoblot
(Fig. Sd) methods. This case, along with three other cases of
histologically confirmed nonfamilial AD (data not shown)
produced similar plaque-like and vascular patterns of (3/A4-
amyloid immunostaining. Preincubation of the antiserum
with the synthetic peptide reduced the staining intensity,
confirming its specificity for (3/A4-amyloid (data not shown).
The number of 3/A4-amyloid immunoreactive spots out-

numbered the number of senile plaques with amyloid cores
identified in aldehyde-fixed sections stained with the same
antibody or the Bielschowsky silver method (data not
shown), suggesting that the method reveals 3/A4-amyloid
deposition in both classical and primitive amyloid plaques
(36). In other regions of histoblots, diffuse B3/A4-amyloid
infiltration of the neocortex was found, which was similar to
the pattern of PrPSc accumulation in the neocortex ofhumans
and animals with prion diseases. Additionally, punctate (3/A4
immunoreactivity was found in the white matter, similar to
that previously described. No fB/A4 amyloid deposits were
found in the CJD case, and none of the four AD cases
contained detectable PrPcJD accumulation (data not shown).

DISCUSSION
The methods reported here allow specific immunodetection
of both PrP isoforms in brain sections. We mapped the
regional accumulation of PrPSc in brains of Syrian hamsters

Medical Sciences: Taraboulos et al.
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during scrapie and compared it with the distribution of PrPC
in uninfected brains.

Distribution of PrP isoforms is restricted to well-defined
anatomical structures. The PrPC signal in grey matter is
diffuse and relatively homogeneous. This signal appears to be
confined largely to the neuropil, defined as the region con-
taining the dendritic tree of neurons, axon terminals, and
synapses and absent from many nerve cell bodies, based on
lack of PrPC signal in the hippocampal pyramidal-cell layer
and granule-cell layer of the dendate gyrus. PrPC levels in
white matter were low, suggesting that axons, as well as glial
cells, contain little PrPC. In contrast, an intense PrPsc signal
was found in the white matter during scrapie, supporting the
hypothesis that PrPSc is transported along axons (12).
Whether accumulation ofPrPsc in the grey-matter neuropil

during scrapie is due largely to local synthesis by neurons (37)
followed by transport to the dendritic tree or by axonal
transport from distant neurons to a particular region is not
known. Regardless of the mechanism leading to local depo-
sition of PrPsc, its accumulation appears to underlie the
development of clinically relevant neuropathology (12, 14).
By comparing histoblots with immunoperoxidase-stained

serial frozen sections, we estimate that the method can
resolve structures that are <25 ,um apart. When histoblots
are viewed with a dissecting microscope, subregional local-
ization could be identified and correlated with specific neu-
ronal groups. Individual PrPSC amyloid plaques, with diam-
eters 10-25 gum were detectable in subependymal and subpial
regions.

Histoblots were more sensitive than immunoanalysis of
dissected brain regions for detection of PrPsc. For example,
histoblots revealed focal PrPsc accumulation in the thalamus
of Syrian hamsters -2 weeks before it was detected by
immunoblot analysis (A.T. and S.J.D., unpublished obser-
vations). The intense histoblot signal revealed subregional
accumulations of PiPsc in structures, such as the diagonal
band of Broca, early in the course of scrapie in Syrian
hamsters (38).
The amenability of the histoblot system to experimental

manipulation and its high signal-to-noise ratio suggest that it
may help in localizing molecules that are poorly detected by
standard techniques, as in the case of fixation-sensitive
antigens. The segregation of protease-resistant proteins from
protease-sensitive isoforms can presumably be applied to
other systems, especially to other amyloidoses.

Inclusion of detergent in the histoblot transfer buffer was
probably responsible for the loss of structure at the cellular
level (Fig. 4b). A recent study on the immunostaining offixed
tissue sections attached to membranes (39) raises the possi-
bility that omission of the detergent will result in improved
structure.

Histoblots have already proven useful in determining the
distribution of PrPsc in the brains of hamsters and Tg mice
inoculated with different isolates or "strains" ofprions. Each
isolate has been found to produce a specific pattern of PrPsc
accumulation (38).
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